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(54) OPTICAL SCANNING DEVICE 

(57)Abstract: 

PURPOSE: To obtain an optical scanning device 
which is an electro-optical deflection type and a 
has high efficiency and light resolving power. 
^ CONSTITUTION: This optical scanning device 
K* | z which switches a forward path of light radiated in 
>f^f^' one direction to plural paths is provided with plural 
light waveguide members 3 which are provided 
linearly on the forward path of light radiated in one 
direction and constituted with materials in which 
light can transmits, plural electric field refraction 
members 1 which are provided alternately with the 
light waveguide members 3 on the forward path of 
light and in which a refractive index of forward light 
varies depending on existence of an electric field, 
when the electric field exists or not, a refractive 
index of forward light is equal or near to a refractive index of the light wave guide 
members, and when an electric field does not exist or exists, its refractive index is 
different from the refractive index of the light waveguide members 3, electrodes group 4 
which is provided corresponding to each electric field refractive member 1, and a control 
circuit 5 which selectively applies the prescribed voltage to each electrode of the 
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electrodes group 4. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the light- scanning equipment which changes the advance path of the beam of light discharged by the one 
direction with two or more paths Two or more optical waveguide members constituted by the quality of the material 
which it is linearly prepared in the advance path of the beam of light discharged in the direction of top Norikazu, and 
the above-mentioned light penetrates, It is prepared in the advance path of a beam of light the above-mentioned 
optical waveguide member and by turns, and the advancing rate of optical refraction by the existence of electric field 
It changes, and there are electric field or it becomes [ whether when nothing it is equal to the refractive index of the 
above-mentioned optical waveguide member, and ] near. That electric field are nothing or two or more electric-field 
refraction members which serve as a refractive index of the above-mentioned optical waveguide member, and a left 
refractive index when it is, Light -scanning equipment characterized by coming to provide the electrode group 
prepared corresponding to each above-mentioned electric-field refraction member, and the control circuit which 
impresses a predetermined electrical potential difference to each electrode of this electrode group alternatively. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the light- scanning equipment which changes the advance path of 
the beam of light discharged by one directions, such as a laser beam, in two or more directions, for example, relates to 
the light-scanning equipment in an image reader (scanner), a recording apparatus (laser beam printer), 
surface-analysis equipment, a display, etc. 
[0002] 

[Description of the Prior Art] It will be divided roughly into a mechanical scanner and a non-mechanical scanner if it 
classifies as above fight-scanning equipments conventionally paying attention to the change means of a scanning 
direction. For example, although the scanner using the polygon mirror, GARUGANO meter, a hologram scanner, etc. 
as a mechanical scanner is known, in order that such a mechanical scanner may scan a beam of fight by the 
mechanical movement toward rotation, vibration, etc. literally, a scan speed is limited remarkably. Moreover, it is 
difficult during a scan to stop a fight beam in the location of arbitration, or to carry out light scanning in the mode of 
arbitration. For example, JP,62-212937,A is known. Then, in order to cancel the fault of these mechanical scanners, 
the non-mechanical scanner is proposed. For example, they are an acoustooptic deflector, a piezo scanner, heat optical 
deflecting system, an electrooptic deflector, etc. Drawing 6 (a) is an example of an acoustooptic deflector, and is the Ti 
diffusion LiNb03. What was realized on waveguide is shown. The supersonic wave emitted from the transducer 
crosses a waveguide top, and makes the periodic roughness and fineness of a refractive index, thereby - the Bragg 
diffraction - being generated - guided wave light - diffraction - that is, it deviates. If the frequency of a supersonic 
wave is changed, the pitch (wavelength) of roughness and fineness will change and the deviation direction will 
change, that the light- scanning equipment using such an acoustooptic deflector has a small deflection angle, and a 
deviation - it is not put in practical use by the reason resolution is inadequate. A piezo scanner is not practical from 
the reason a deflecting angle is small. Heat optical deflecting system is a thing using the thermooptic effect from 
which a refractive index changes with temperature changes, and since heat is used for it, it has a fault with a slow 
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scan speed. An electrooptic deflector is the deflecting system using change (electro-optical effect) of the refractive 
index by the electric field of a ferroelectric, and drawing 6 (b) is the improved example. Drawing 6 (b) is LiNb03. It is 
the example realized using (LN) waveguide, and the principle of the Fresnel zone plate is used. That is, when the 
waveguide of LN crystal is prepared in the No. even zone and an electrical potential difference is not impressed, it is 
condensed by Point P, but if the phase of the light which impresses an electrical potential difference and passes the 
waveguide of each channel is controlled, it can condense at the point Q of arbitration, although this component has a 
quick scan speed compared with the above-mentioned deviation component and there are the advantages, such as 
having a condensing function, - effectiveness and a deviation - it is a fault that resolution is low. therefore, the 
effectiveness in a waveguide mold electrooptic deflector to which this invention described the target place above and a 
deviation - it is offering the light-scanning equipment which aimed at improvement in resolution. 
[0003] 

[Means for Solving the Problem] In the light-scanning equipment with which this invention changes the advance 
path of the beam of light discharged by the one direction with two or more paths in order to attain the 
above-mentioned purpose Two or more optical waveguide members constituted by the quality of the material which it 
is linearly prepared in the advance path of the beam of light discharged in the direction of top Norikazu, and the 
above-mentioned light penetrates, It is prepared in the advance path of a beam of light the above-mentioned optical 
waveguide member and by turns, and the advancing rate of optical refraction by the existence of electric field It 
changes, and there are electric field or it becomes [ whether when nothing it is equal to the refractive index of the 
above-mentioned optical waveguide member, and ] near. That electric field are nothing or two or more electric-field 
refraction members which serve as a refractive index of the above-mentioned optical waveguide member, and a left 
refractive index when it is, It is constituted as light-scanning equipment characterized by coming to provide the 
electrode group prepared corresponding to each above-mentioned electric-field refraction member, and the control 
circuit which impresses a predetermined electrical potential difference to each electrode of this electrode group 
alternatively. 
[0004] 

[Function] The beam of light fired into the train of an optical waveguide member goes the inside of an optical 
waveguide member train straight on. Between the adjoining optical waveguide members, the electric-field refraction 
member is prepared by turns, and by changing the electric field to these electric-field refraction members by the 
control circuit, light strays off a rectilinear-propagation path in the plane of composition of the electric-field refraction 
member and photoconductive wave member to which electric field were applied, and it refracts and goes on in the 
predetermined direction. Therefore, if the electric-field refraction member to which electric field were given is 
changed one by one by the above-mentioned control circuit, the electric-field refraction member by which the 
above-mentioned refraction multiplies can be changed, and the candidate for detection which counters this can be 
scanned. 
[0005] 

[Example] Then, with reference to the attached drawing, it explains per [ which materialized this invention ] example, 
and an understanding of this invention is presented. It is the sectional view in which drawing in which drawing 1 is 
drawing showing the concept of the light-scanning equipment concerning one example of this invention, and drawing 
2 shows an operation of the fight scanning, drawing in which drawing 3 shows the example of a configuration of the 
optical waveguide member of this light-scanning equipment, drawing in which drawing 4 shows the example of 
arrangement of this optical waveguide member, and drawing 5 show other examples of this invention here. First, 
with reference to drawing 1 , the procedure of manufacturing the waveguide mold light-scanning component 6 which 
is one example of this invention is explained. 

(1) It is Si first. It is Si02 on a substrate 7. Layer T is formed. 

(2) Next, the above Si02 aluminum electrode group 4 and circuit pattern 5' are vapor-deposited in a pitch p on layer 7'. 

(3) Above Si02 Layer T and aluminum electrode group 4 are covered by the buffer layer 8 of magnesium fluoride 
MgF2. 

(4) On the above-mentioned buffer layer 8, it is LiNb03 by the reactant direct-current magnetron sputtering method. 
A layer 9 is formed so that a substrate and a crystallographic axis (Z-axis) may cross at right angles. 

(5) Above LiNb03 Ti is made to adhere in a spatter on a layer 9, and it is N2 [ 1000-degree C ]. It heats in an ambient 
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atmosphere for about 10 hours. Thereby, it is LiNb03. Thermal diffusion of Ti is carried out to the surface of a layer 9, 
and a slab waveguide 1 is formed. 

(6) On the above-mentioned slab waveguide 1, apply a photoresist, carry out wet etching using dry etching or a 
fluorine acid system solution, and form the periodic depression group 2 of a pitch p. The above-mentioned depression 
group 2 is formed between the adjoining aluminum electrodes 4. 

(7) It is Nbl+XO 3 _ x to the above-mentioned periodic depression group 2. It is made to deposit and they are 
Nbl+XO(s) 3'x other than the account of Gokami periodic depression group 2. The periodic depression group 2 is 
filled up with an optical material 3 (Nbl+XO 3-x) (optical waveguide member) by removing. Therefore, the part (it 
counters with the aluminum electrode 4) of the slab waveguide 1 inserted among the adjoining above-mentioned 
optical materials 3 and 3 constitutes electric-field refraction member 1\ However, the above-mentioned chemistry 
theory-presentation ratio X is adjusted so that it may agree in the refractive index nO (it changes also with the 
concentration of Ti which is about 2.2 and is diffused in the refractive index to an extraordinary ray) of the slab 
waveguide 1 (electric* field refraction member lO in case the refractive indexes nl of the above-mentioned optical 
material 3 (Nbl+XO 3*x) are non-electric field. 

(8) Then, create ITO (L indium, T; tin, O; oxygen) transparent electrode 4' in a top face. 

(9) Carry out bonding of above-mentioned circuit pattern 5' and transparent electrode 4' to the 
electrical-potential difference drive switch circuit 5 (control circuit). In this case, above-mentioned transparent 
electrode 4' is made into a ground side. 

(10) Cover above-mentioned ITO transparent electrode 4' and circuit pattern 5' with the insulating protective coat 10 
of transparence. 

[0006] One end-face la of the slab waveguide 1 created in the above-mentioned procedure The light-scanning 
actuation which changes the path of the beam of light introduced into the above-mentioned slab waveguide 1 is 
explained using drawing 2 . 

a) When not impressing an electrical potential difference to aluminum electrode group 4. nl nQ Since it is equal, for 
beams of light, such as a guided wave laser beam, the optical material 3 of the periodic depression group 2 does not 
appear on a slab waveguide 1, but a beam of light goes the inside of a slab waveguide 1 straight on (it passes). 

b) When the predetermined electrical potential difference V is impressed to any one or more aluminum electrodes 4 
among aluminum electrode groups 4. If distance of aluminum electrode group 4 and transparent electrode 4' is set to 
d, electric-field E=V/d will start electric-field refraction member 1' of a slab waveguide 1, and an optical material 3 
(Nbl+XO 3-x) by impression of the above-mentioned electrical potential difference V. For the above-mentioned optical 
material 3, since it does not have the electro-optical effect, the refractive index is nl. Although it is as, since 
electric-field refraction member l f of a slab waveguide 1 has the electro-optical effect, as for a refractive index, only 
deltan of a degree type changes. 

deltan=(l/2) r33, nO, and E - (l) 

It is the electro-optic constant which contributes to Z shaft orientations here when r33 applies electric field to Z shaft 
orientations of a slab waveguide 1. Therefore, a refractive -index difference arises in the interior and the exterior of 
the periodic depression 2 of a field to which electric field were applied, and dispersion of guided wave light takes place 
by the interface of the depression section 2. Here, if the pitch of the electrode which impresses an electrical potential 
difference is fixed, the scattered light (Huygens's ******) from a field side will be diffracted in the direction which had 
a phase to each other. Change deltan of a refractive index is 1.6x10 to about three, even when micrometer is 
impressed in lOv /a little smaller than the limitation of bringing about dielectric breakdown of a crystal as electric 
field (V=30V, t= 3 micrometers), and the permeability T on the strength [ optical ] in one interface follows Fresnel's 
transmission method rule. T= {(2n0) /(2n0+deltan)} 2 = 0.999273 - (2) 

**, - although dispersion is very slight to 1 soon, if the pitch of the periodic depression section 2 is set to 1 micrometer 
and an electrical potential difference is impressed to 2000 depressions covering the 2mm of the directions of a guided 
wave, since dispersion mostly given by the formula (2) in the both ends of a depression will take place and 4000 
interfaces will arise T4000**0.05 - (3) 

A next door and about 95% of quantity of light will be diffracted. 

[0007] As stated above, in the above-mentioned example, the parallel displacement of the deviation location can be 
carried out by impressing an electrical potential difference to an electrode 4 alternatively. A light-scanning component 
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c&n be obtained by this and the resolving power of the parallel translation is decided in an electrode pitch. Moreover, 
tjae deflection angle is adjusted by changing the pitch p of the electrode 4 which impresses an electrical potential 
difference. Therefore, it is possible to be alike, if the pitch p of the above-mentioned electrode 4 is changed into **** as 
shown in drawing 2 (c), and to also make one point P condense the scattered light from the depression section 2 of eye 
the k-th k+n watch [ ■ ] more. The above condensing is possible also by changing the magnitude of the electrical 
potential difference given to an electrode to ****. In the above-mentioned example, aluminum electrode group 4 and 
the periodic depression group 2 are formed in the direction which intersects perpendicularly in the direction of a 
guided wave band-like [ linear ], as shown in drawing 1 (b), but in order to heighten above-mentioned condensing 
effectiveness, they may be formed in band-like [ of circular or an ellipse ] like drawing 3 . Moreover, as said aluminum 
electrode group 4 and the periodic depression group 2 are shown in drawing 4 , it is possible by carrying out 
two-dimensional array in a grid pattern to enable two-dimensional selection of an electrode and to also make one 
point of the space besides a slab waveguide 1 condense. LiNb03 which diffused Ti in the above-mentioned example 
when not impressing an electrical potential difference It is LiNb03 if it suits in the precision of 10*3, although the 
refractive index of the optical material 3 (ND1+XO 3-x) with which was dented with the refractive index and the 
section 2 was filled up was made strictly in agreement. Since the electro-optical effect is bidirection, it is possible by 
giving bias voltage suitably to also make both refractive index agree. Moreover, in the above-mentioned example, 
although the slab waveguide 1 (two-dimensional waveguide) was used, channel waveguide (l-dimensional 
waveguide) can also be used. In addition, at the above-mentioned example, it is the Ti diffusion LiNb03 about a slab 
waveguide 1. Although it created, the electro-optical effect was given and the optical material 3 (NDl+XO 3 x) 
without the electro -optical effect was used for the interior of the periodic depression group 2 As shown in drawing 5 , a 
step mold (it consists of a substrate with a low refractive index a guided wave side with a high refractive index) may 
constitute slab waveguide 1' from an optical material without the electro-optical effect, periodic depression group 2 f 
may be formed in the front face, and deposition of optical material 3' with the electro -optical effect may be formed. 
[0008] 

[Effect of the Invention] since this invention is constituted as stated above - effectiveness - high - a deviation - 
light-scanning equipment with high resolution can be offered. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] Drawing showing the concept of the light-scanning equipment concerning one example of this invention. 
[Drawing 2] Drawing showing an operation of the light scanning. 

[Drawing 3] Drawing showing the example of a configuration of the optical waveguide member of this light-scanning 
equipment. 

[Drawing 4] Drawing showing the example of arrangement of this optical waveguide member. 
[Drawing 5] The sectional view showing other examples of this invention. 
[Drawing 6] The conceptual diagram of conventional light- scanning equipment. 
[Description of Notations] 

1 -- Slab waveguide 1' - Electric-field refraction member 

4 aluminum electrode group (electrode group) 5 - Electrical-potential-difference drive switch circuit (control circuit) 

2 -- Periodic depression section 3 - Optical member (optical waveguide member) 
6 - Waveguide mold light- scanning equipment 7 •* Si substrate 

8 -- Buffer layer 



[Translation done.] 
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